Recently, robots start to be used for the purpose of the dancing or performance. Because a robot can make a scene that cannot be performed by a human actor and its reusability reduced the cost and time of performance, the robot based performance are getting the spotlight in the field of performing art. This study purpose a system that visualizes the motion of the robot based on 3D virtual environment and provide robot control functionalities. The proposed system sends user created motion to the real robot in real time and provides the functionality of virtual robot assembly. The functionalities of the system were confirmed by applying the system to a performing robot.
Introduction
With the advance of robotics technology, the robots are being widely used in various fields. Recently, in the field of performing arts, the robots are becoming one of important actors. Many of researchers studied and proposed systems for performance [1] [2] [3] [4] [5] [6] . And several studies have focused on the robot assisted performance [7] . However, most of the studies were focused on the specific types of robots. In this paper, we propose a system that can author the motion and visualizes the motion and appearance of the robot. The proposed system controls robot object in real-time and provides assembly functionalities with module robot parts.
Detail of the proposed system and implementation will be shown in section 2. The experimental results will be shown in section 3. Finally, we draw conclusions and suggest future work in section 4.
System Design
The structure of the authoring tool is consisted of three main parts: robot control, robot assembly, and robot visualization. The robot control is about the control functionalities such as joint control and communication protocol. The robot assembly concerns about the relation between joint objects which is basic components of the robot object, and assembly of them. The robot visualization literally visualizes the appearance of the robot based on the 3D virtual environment. Fig. 1 shows the structure of the system with its components.
Fig. 1. Structure of proposed system
Generally, the motions of the performance robots are decided based on the motor angle of the joint parts. The proposed system realizes the robot as the combination of the joints, and the joint has its own ID and degree of freedom. The motions of the robot are animated based on the keyframe structure. When the user decides the angle of the joint object at the keyframe he wants, the angle values between keyframes are automatically interpolated. In order to provide more precise control methods, the motions can be controlled with Bezier, Spline, Linear, and Stepped line control types.
The user can combine the joint objects to make a unique robot structure. Each joint object has its available number of connection. While some object can be connected with a number of other joints, some have only one or two connection resources. Next figure shows the abstraction of the joint structure. 
Experiments
The proposed system was examined with the small sized robot named 5720T which was manufactured by Robobuilder [8] . 5720T supported serial communication and is able to be assembled as the user wants. Firstly, we constructed a structure of 5720T with joint objects. Fig. 3 shows the abstract of the joint structures of the robot. The assembled virtual 5720T consists of 21 joint modules with the root without degree of freedom. From the root, four joints objects were spread: Chest joint 1, 2, Pelvis joint 1, and 2. In order to examine the assembled 5720T with the real 5720T, we generated several motions, and applied them to both of 5720Ts. Fig. 4 shows the results of the motions. The motions were sent to real 5720T and virtual 5720T at the same time and the delay between motions was less than 0.001 second.
Conclusion
In this paper, we proposed a robot control system for the performing art. The proposed system provides functionalities including control, assembly, and visualization of the robot. The proposed system was tested with a small sized manufactured robot and it showed its usefulness for the motion control and visualization.
Our future work is to control several robots at the same time. The time delay will be an obstacle of the research, therefore we are investigating efficient time slice control.
